This paper examines the impact on asset prices from a reduction in the long-term capital gains tax rate using an equilibrium approach that considers both demand and supply responses. We demonstrate that the equilibrium impact of capital gains taxes reflects both the capitalization effect (i.e., capital gains taxes decrease demand) and the lock-in effect (i.e., capital gains taxes decrease supply). Depending on time periods and stock characteristics, either effect may dominate. Using the Taxpayer Relief Act of 1997 as our event, we find evidence supporting a dominant capitalization effect in the week following news that sharply increased the probability of a reduction in the capital gains tax rate and a dominant lock-in effect in the week after the rate reduction became effective. Nondividend paying stocks (whose shareholders only face capital gains taxes) experience higher average returns during the week the capitalization effect dominates and stocks with large embedded capital gains and high tax sensitive investor ownership exhibit lower average returns during the week the lock-in effect dominates. We also find that the tax cut increases the trading volume during the week immediately before and after the tax cut becomes effective and in stocks with large embedded capital gains and high tax sensitive ownership during the dominant lock-in week.
I. Introduction
This paper jointly tests two effects of capital gains taxation on equity trading: a demand-side capitalization effect and a supply-side lock-in effect. Previous studies have tested these effects separately, but, to our knowledge, this is the first study to evaluate them jointly and empirically document the relative dominance of each effect surrounding an event of a tax rate change. Employing an equilibrium approach, we show that in general their net tax effect on asset prices is ambiguous. Evaluating returns and trading volume around the 1997 reduction in the capital gains tax rate, we find evidence of the capitalization and the lock-in effects jointly affecting trading. In particular, the capitalization effect dominates the lock-in effect in the week following an increase in the probability of a reduction in the capital gains tax rate, as buyers respond to information that future capital gains tax rates will be lower. The lock-in effect, on the other hand, dominates the capitalization effect after the rate reduction actually became effective.
Taxation is one of the most prevalent market frictions in financial markets. It affects investors' decisions and distorts the valuation of assets. Capital gains taxes, in particular, play an important role in determining an investor's trading strategies and ultimately can affect asset prices. Because investors endogenously respond to the imposition of capital gains taxes, the tax effect on asset prices can be complicated and difficult to measure. In his review of taxes in the finance literature, Graham (2003) concludes that "Though intriguing in theory, the profession has made only modest progress in documenting whether investor taxes affect asset prices…we need more evidence about the importance of personal taxes affecting asset prices…" To date, research on the effects of investor level capital gains taxes on asset prices has produced conflicting results. Several studies report that the presence of capital gains tax reduces stock price and current stock return (see Guenther and Willenborg (1999) , Lang and Shackelford (2000) , Ayers, Lefanowicz, and Robinson, (2003) , among others), while other studies document that imposing capital gains tax increases stock price and current stock return (see Feldstein, Slemrod, and Yitzhaki, (1980) , Landsman and Shackelford (1995) , Reese (1998) , Poterba and Weisbenner (2001) , Klein (2001) , Blouin, Raedy, and Shackelford (2003) , Jin (2006) , Ellis, Li, and Robinson (2006) , among others). The former is referred to as the capitalization effect of taxes and is often justified by the argument that investors would demand a lower price to buy the assets if they have to pay capital gains taxes in the future. The latter is referred to as the lock-in effect and is attributed to investors requiring higher prices to sell assets if they have to pay taxes on selling them. Recognizing that the two effects work in opposite directions, the purpose of this paper is to understand the interaction of the two effects and the circumstances under which one effect dominates the other surrounding a tax rate change.
Theoretical studies on taxes and asset pricing have been scarce and often focus on trading strategies for investors to avoid paying capital gains taxes and their impact on asset prices when investors face embedded capital gains on their asset holdings. For example, Constantinides (1983) shows that investors can rebalance their portfolios without triggering capital gains taxes if they are allowed to sell short assets in which they have embedded gains. This allows investors to separate their optimal liquidation of assets from their optimal consumption and investment policies. Klein (1999) introduces a general equilibrium model of asset pricing with capital gains taxes when investors face short sale constraints so that they cannot rebalance their portfolio without triggering capital gains taxes liability. He makes predictions about the effects of capital gains taxes on asset prices without explicitly solving for the equilibrium price. Viard (2000) analyzes the dynamic asset pricing effects and incidence of realization-based capital gains taxes.
Under the assumption of small realization taxes, he derives the first-order conditions for equilibrium asset prices. To obtain the first-order effects, he linearizes the first-order conditions around the no-tax equilibrium. He finds that asset prices are increased by the current realization tax, to partly offset the sale disincentive associated with the tax, consistent with the lock-in effect. Shackelford and Verrecchia (2002) develop a trading model where the long-term and short-term capital gains tax rates differential creates a trade-off between optimal risk-sharing and optimal tax-related trading strategy. They show that sellers are reluctant to sell appreciated assets sooner because they are subject to higher capital gains taxes. To entice sellers, buyers must provide compensation in the form of higher sales prices.
In this paper, we analyze the effects of capital gains taxation on prices, while jointly considering the capitalization effect and the lock-in effect. Intuitively, the capitalization argument approaches the tax effect from buyers' perspective (demand side), while the lock-in effect views the tax impact from sellers' perspective (supply side). A more complete analysis of capital gains tax effects must simultaneously allow for demand and supply to interact. In equilibrium, the net effect on stock markets of the capital gains tax will be the combination of both effects. Our study provides such a unified framework and offers predictions for the capital gains tax effect on security markets.
Our analysis suggests that a change in capital gains taxes influences asset prices by shifting both the demand for assets and the supply of assets. Specifically, when the capital gains tax is increased, the demand curve for assets is shifted down, reflecting the decline in prices required to attract buyers. An increase in the capital gains tax also shifts the supply curve up, reflecting the boost in prices required to entice current owners to sell. The equilibrium net tax effect on asset prices is ambiguous, depending on which effect dominates. An increase in capital gains taxes unambiguously reduces the float of assets (number of shares actively traded). In the event of a capital gains tax cut, the demand curve for the assets shifts up and the supply curve shifts down. The equilibrium net tax effect on asset price is still ambiguous, but the float of assets is unambiguously increased.
To detail the predictions of our analysis, suppose the capital gains tax rate is reduced. If the capitalization effect dominates the lock-in effect, stock prices will increase leading to higher current stock returns. Conversely, if the lock-in effect dominates the capitalization effect, we predict that stock prices will decrease and lower current stock returns. These effects are likely to apply to all stocks traded on the stock market and constitute the market wide capital gains tax effect on stock prices. Furthermore, the capital gains tax effect will vary depending upon the characteristics of stocks because of their differences in tax costs. For instance, growth stocks (i.e., stock whose valuation depends largely on future dividend growth) are more likely to face capital gains taxes than income stocks (i.e., those stocks currently distributing dividends). Consequently, in the event of a capital gains tax cut, growth stocks should experience even higher returns than income stocks when the capitalization effect dominates the lock-in effect. For stocks with large price appreciation and a high percentage of tax sensitive investor ownership (such as individual investors and mutual funds), a capital gains tax cut will reduce investors' tax cost of selling these stocks for portfolio rebalancing when the lock-in effect will dominate, leading to even lower current returns on these stocks. These constitute the cross-sectional effect of a capital gains tax change on asset prices.
Although the capitalization effect and the lock-in effect co-exist, the relative importance of the two effects should vary around the timing of a capital gains tax rate change. Specifically, in the event of a capital gains tax cut, the capitalization effect (price increase caused by demand shift upward) will be stronger than the lock-in effect before the tax cut becomes effective and the lock-in effect (price decrease caused by supply shift downward) will dominate the capitalization effect after the tax rate cut effective date. The reason for the timing difference is that investors react to changes in the probability of a capital gains tax rate cut before the rates actually fall. In other words, buyers increase their demand for stocks in response to the news of future tax cut. Conversely, because capital gains are taxed upon realization, tax sensitive stockholders likely will refrain from selling shares with embedded gains until the capital gains tax rate cut becomes effective.
Consequently, we select different event windows for a dominant capitalization effect and a dominant lock-in effect in our empirical investigation. Different event windows are critical for identifying the relative dominance of capitalization and lock-in. We perform the empirical tests of these predictions by examining return and volume responses to the 1997 capital gains tax cut on stocks included in the CRSP dataset for the periods between January 1, 1995 and December 31, 1997. Our empirical analysis confirms that while both the capitalization and the lock-in effects jointly influence asset prices, the magnitude of each effect differs across the timing of the tax cut and stocks with different characteristics.
The 1997 capital gains tax rate reduction provides a rare opportunity to jointly investigate the effects of capitalization and lock-in on asset prices. In late April, 1997, information leaked that the Democratic White House and the Republican Congressional leadership had reached an accord to reduce the capital gains tax rate. This news preceded the actual effective tax rate by about one week. During that interim week, we find that the capitalization effect dominated the lock-in effect. This is consistent with individuals, the only shareholders benefiting from reduced rates, buying shares (through both personal accounts and mutual funds) as the probability of lower capital gains tax rates when they sell in the future increased. Conversely, we find that the lock-in effect dominated the capitalization effect during the week following the effective date of the tax cut. This is consistent with the tax sensitive individual investors selling stocks (through both personal accounts and mutual funds) with large embedded gains after the tax cut became effective.
Although consistent with our prediction, broad market movements surrounding the effective date may reflect other factors moving the markets during those two weeks.
Our cross-sectional analyses, however, do provide compelling evidence about the effects of capitalization and lock-in. Specifically, we find that:
• Non-dividend paying stocks experienced a stronger capitalization effect than dividend-paying stocks during the week the capitalization effect dominated.
• Stocks with large price appreciation in the past and high individual percentage ownership experienced stronger lock-in effect and earned lower immediate returns during the week the lock-in effect dominated.
• Trading volume was greater during the week immediately before and after the tax cut becomes effective
• Trading volume was greater for stocks with large embedded capital gains and a high percentage of individual and mutual fund ownership during the week the lock-in effect dominates.
Since constructing alternative explanations for these cross-sectional findings is difficult, we infer from these results that capitalization and lock-in effects jointly affect market returns in the predicted manner.
The paper is organized as follows. Section 2 discusses the effect of capital gains taxes on stock prices and its empirical implications using a simple demand and supply framework. Section 3 lays out the empirical methodology and section 4 provides empirical analysis and discussions. Finally, section 5 concludes.
II. Capital gains taxes and asset prices in an equilibrium framework
Consider an economy in which tax sensitive investors are required to pay taxes on appreciation in stock value upon selling. The overall tax effect on stock prices will be affected by both stock buyers and sellers. In the presence of the capital gains taxes, stock buyers will require a lower price to acquire the stock to compensate them for their future tax liability (the capitalization effect); while stock sellers will require a higher price to sell the stock to recover their current tax cost (the lock-in effect). The former will shift the demand for the stock and the latter will move the supply for the stock at all price levels. To demonstrate the effect of capital gains tax on stock price, we use an equilibrium approach based on the demand and supply framework. We assume that the demand curve for the stock is downward-sloping so that investors are willing to buy more shares of the stock at lower prices and fewer shares at higher prices, and on the other hand, the supply curve is upward-sloping so that investors are willing to sell more shares at higher prices and fewer shares at lower prices, both before and after the capital gains taxes. Figure 1 illustrates the effect of a capital gains tax change on stock price and the interaction between the two opposing forces: capitalization and lock-in. To facilitate the discussion in our empirical analysis, we examine the effect on stock price of a capital gains tax cut. At first, suppose that the initial capital gains tax rate is At the same time the supply curve also shifts to the right from S to S' due to increase in supply associated with the lock-in effect. In equilibrium, the new demand and supply curves intersect with each other at new equilibrium price 1 P and new float of shares 1 Q .
It is obvious that the new price could be higher or lower depending upon which effect dominates. However, the float of shares is clearly increased. In the event of a capital gains tax increase, the shift in demand and supply is reversed. Consequently, the float of shares is unambiguously decreased. However, the change in equilibrium price remains ambiguous depending on which effect dominates: the capitalization or the lock-in. In the appendix, we formalize the demand and supply analysis and analytically demonstrate the effect of capital gains taxes on stock price to be ambiguous depending upon the relative magnitude of the capitalization to that of the lock-in.
Our analysis above has the following empirical implications. First, when the capitalization effect dominates the lock-in effect, a reduction in the capital gains tax will cause an increase in the stock price (higher current stock returns). This will arise when buyers are more responsive to an imminent capital gains tax cut than are current sellers.
Conversely, when the lock-in effect dominates the capitalization effect, a reduction in the capital gain tax rate will cause a decrease in the stock price (lower current stock returns).
This will happen if current sellers are more responsive to the capital gains tax cut than are buyers. Second, the float of shares is inversely related to the capital gains taxes. When the capital gains tax is reduced, both the capitalization and the lock-in effects reinforce each other to increase the number of shares actively traded. The above implications apply to all stocks with embedded capital gains and thus represent market wide reactions to capital gains tax rate change.
Because of different effects of capital gains taxes on stock buyers and sellers, stocks with different characteristics will also be affected differently in the event of a capital gains tax change. Growth stocks are expected to offer larger future price appreciation than income stocks. A capital gains tax cut will reduce the buyer's future tax liability and attract more demand. These stocks will experience a greater price increase and higher returns than income stocks in the event of a capital gains tax cut. In general, dividend-paying stocks are more likely to be income stocks while non-dividend paying stocks are more likely to be growth stocks. This means that for the capitalization effect the stock returns are likely higher for non-dividend paying firms than dividend paying firms. From a stock seller's perspective, tax sensitive investors holding stocks with large long-term price appreciation will have lower current tax costs upon selling when the capital gains tax is reduced. Thus, tax sensitive investors will be more inclined to sell stocks with large embedded capital gains to rebalance their portfolio. This implies that in the event of a capital gains tax cut, stocks with large embedded capital gains will experience a larger price decline than will other stocks. These implications pertain to individual stock characteristics. We thus call them cross-sectional effects of a capital gains tax rate change.
In addition, investors anticipating the capital gains tax cut may withhold selling shares with embedded gains before the tax cut becomes effective (seller's strike). In this case, the supply curve may remain unchanged or even move up from S to S''. The demand and supply curve may intersect at point C or D. This will lead to a temporary increase in both the stock price and float of shares. This may provide an alternative explanation to a dominating capitalization effect before the capital gains tax cut becomes effective. In the next section, we empirically test both the market wide and crosssectional effects of a capital gains tax change by jointly considering the capitalization and the lock-in effects.
III. Empirical Methodology
To empirically test the above implications, we use the Taxpayer Relief Act of 1997 (TRA97) capital gains tax reduction as our event. The TRA97 lowered the top tax rate on capital gains from 28 percent to 20 percent for assets held more than 18 months.
TRA97 is particularly attractive as an event because the tax cut was both large and relatively unexpected. Often tax legislation follows a protracted process with gradual changes in the probability of a particular bill becoming a law. In TRA97, however, Congress provided researchers with an attractive research setting by coming to rapid agreement on a large, unexpected reduction in capital gains tax rates.
Having a well-defined event is particularly important in this study because we need to define separate event windows for two opposing effects. The key to jointly identify the capitalization effect and the lock-in effect is to understand that stock buyers and sellers perceive the expected capital gains tax cut differently as we discussed above.
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They differ not only from required rate of return or valuation, but also from when they react to the news/event.
A buyer, in order to capture the expected tax cut benefit, will react to the capital gains tax cut information before the tax cut becomes effective. On the other hand, a seller who is subject to capital gains taxes will more likely sell shares with embedded capital gains to rebalance his portfolio after the tax cut becomes effective. As a result, the capitalization effect is more likely to dominate before the tax cut announcement and the lock-in effect is more likely to dominate after the tax cut becomes effective. If an investor has to rebalance his portfolio by adding positions in some stocks and reducing positions in other stocks around the capital gains tax cut period, he is more likely to add the positions when the tax rate cut announcement is imminent, and delay his selling until the tax rate cut is effective if he has embedded capital gains on the positions. 2 There were some conflicting signals on the capital gains tax cut before April 1997 as detailed in Sinai and Gyourko (2004) . Based on articles in the New York Times and Wall Street Journal they find that President Clinton had already said that "he might be willing to cut capital gains taxes to reach a budget compromise …" in the first week of February, though at that point "the Administration's preference is for a capital gains tax increase." However, on February 13 and February 23 there were additional news reports suggesting that the White House would accept a tax cut. We view the surprising announcement by the CBO as the strongest indication for an imminent capital gains tax announcement.
dominate as current shareholders sell their appreciated stocks to rebalance their portfolios.
Another important factor is that the capital gains rate reduction only applied to income that is reported on personal tax returns, i.e., capital gains from the selling of shares held directly by individuals or held indirectly by individuals in flow-through entities, such as mutual funds, partnerships, trusts, S corporations, or limited liability corporations that pass dividend income to investors' personal tax returns. Capital gains taxes are not levied on tax-deferred accounts (e.g., qualified retirement plans, including pensions, IRAs and 401(k)), tax-exempt organizations, and foreigners. Corporations pay capital gains taxes; however, the rate reduction in TRA97 did not apply to corporations.
Thus, the ensuing tests predict variation in returns based on the amount of holdings by individual investors and mutual funds.
To capture the group of investors who are the most sensitive to the capital gains Let it R be firm i's stock return at time t. To test the effect of a capital gains tax rate cut on stock prices, we formulate the basic empirical regression equations as follows:
for firms with positive embedded gains 
Gains is the embedded capital gains prior to time t and in our baseline case is measured as the past five year stock price appreciation,
TSO is the percentage of shares of stock i owned by tax sensitive investors at time (t-1) and is measured either as the sum of individual investor and mutual fund ownership in the most recent past quarter or individual investor ownership alone,
is a dummy variable that takes the value of 1 if ) 0 (
Gains and 0 otherwise, Beta_market i is stock i's market return beta, Beta_momentum i is stock i's beta on the momentum factor, and
Controls refer to all other variables that may affect stock returns.
Our specifications above consider both the broad stock market reactions to the capital gains tax cut and the cross-sectional differences in the tax effect for different stocks with diverse characteristics. Intuitively, a capital gain tax cut will increase the demand for stock. Thus, in the event of a capital gains tax cut, the coefficient of the capitalization week dummy ( C WK ) will be positive ( 0 1 > β ). Similarly, for existing tax sensitive shareholders contemplating selling shares with embedded capital gains, a tax cut will induce them to sell the stock to rebalance. When the lock-in effect dominates the capitalization effect, a tax rate cut will lead to lower returns on stocks with embedded capital gains resulting in a negative sign for the lock-in week dummy variable ( 0 2 < β ).
These constitute the broad market effect on stock prices of a capital gains tax cut.
Firms differ in their dividend policy and growth potential (and consequently their future capital gains tax liability) and the size of embedded capital gains and current tax costs upon selling. Thus, the magnitude of reaction to the capital gains tax cut will likely vary with the characteristics of these firms. Our analysis in the previous section suggests that in the event of a capital gains tax cut, the impact from demand side on stock return will be larger for growth stocks than for income stocks. This is captured by a positive interaction term (WK C *Div i(t-1) ), indicating a larger price increase for growth stocks than income stocks during the capitalization week (
On the other hand, for a current shareholder who faces a capital gains tax liability, a capital gains tax reduction offers a strong incentive for him to sell shares with large embedded capital gains to rebalance, consequently leading to large downward price pressure associated with the lock-in effect on the stock returns. Therefore during the week the lock-in effect dominates the capitalization effect, stocks with larger embedded capital gains and a higher percentage of tax sensitive investor ownership will experience lower stock returns. In our specifications above, this is captured by a negative ( ) for firms with positive gains and interaction -L i(t-1) )) for the specification on all firms.
As discussed in Section II, an alternative explanation to a dominating capitalization effect in the week before the capital gains tax cut is that tax sensitive investors may withhold selling stocks with large embedded gains, leading to a price runup. This is referred to as the "seller's strike." To empirically test if a price run-up in the week before the capital gains tax cut announcement is caused by a dominating capitalization effect or seller's strike, we include in our specifications the interaction (WK C *Gains i(t-1) ). If the seller's strike causes the price run-up, we would expect a positive coefficient for the interaction. Otherwise, the price increase is likely to be the result of a dominating capitalization effect.
In addition, we also include measures of systematic risk of individual stock returns to the market returns and the momentum factor in our regression analysis. This is motivated by the standard capital asset pricing theory and existing empirical evidence suggesting that systematic risks are important determinants of individual stock returns.
Given that a tax cut is a market-wide event, the returns to the market portfolio and the momentum themselves will likely be affected by the event as well. Consequently, in our baseline specifications we include betas of the market returns and the momentum factor as control variables. We will discuss the results of using the beta adjusted stock returns as dependent variables in our robustness check later.
Our specification for all firms includes two additional interaction terms: ). These interaction terms focus on the responses of loss firms to the capital gains tax cut in the capitalization week and the lock-in week. They allow us to further identify if tax sensitive investors will engage in tax efficient trading in the event of a capital gains tax change. Intuitively, tax sensitive investors should more aggressively sell stocks with large embedded capital losses before the capital gains tax is reduced to benefit from higher tax deduction. This would create some downward pressure on these stocks during the capitalization week.
Consequently, the coefficient for (WK C *Gains i(t-1) *L i(t-1) *TSO i(t-1)
) will be positive indicating that the prices of stocks with embedded losses are likely to decrease in the size of losses during the capitalization week because ). 0 (
Gains
On the other hand, since there is no lock-in on stocks with embedded losses and the capitalization effect remains during the lock-in week, the coefficient for (
likely be negative indicating increased demand associated with the capitalization effect.
To test the prediction on the effect of the capital gains tax cut on the float of shares, we need to first provide a measure for the float of stock. Unlike the shares outstanding, the float of shares measures the number of shares actively traded and is usually less than shares outstanding. For example, shares owned by insiders sometimes are subject to certain restrictions and cannot be quickly sold in the market thus not included in the float; some long-term buy-and-hold investors are also less inclined to churn their portfolio for short-term price fluctuation. Their holdings are not included in the float during normal time.
However, for a major event, such as a capital gains tax cut, an investor may find it optimal to buy additional stocks and/or to sell some stocks with a large price appreciation to rebalance his portfolio. Trading from these investors is likely to temporarily increase trading volume. In particular, the increase in trading volume caused by the capital gains tax cut is likely to be concentrated in the few weeks when the tax cut is announced. We use trading volume as a proxy for the float of shares of stocks.
Let it v be stock i's logarithmic weekly trading volume. Following Michaely and Vila (1996) and Dhaliwal and Li (2006) , we first compute the excess trading volume as the difference between the weekly trading volume at time t and the average weekly trading volume in the most recent past three months relative to the three month weekly average trading volume, i.e., 
We then formulate our regression equations on the tax effect on the float of shares as follows:
for firms with positive embedded gains , *
where the variables are defined the same as above and the controls are discussed in next section.
Our prediction for stock float suggests that the coefficients for WK C and WK L will be positive reflecting the market wide response in trading volume to a capital gains tax cut. The interaction term, (
), will also be positive because more tax sensitive investors should buy shares of stocks with growth potentials during the week the capitalization effect dominates. Furthermore, the interaction term,
) will be positive because more tax sensitive investors should sell their holdings with large embedded capital gains to rebalance their portfolios during the week the lock-in effect dominates. In our discussions of the empirical analysis, we use trading volume to refer to the excess trading volume for brevity.
IV. Empirical analysis

A. Sample and Summary Statistics
We use stocks included in the CRSP dataset between January 1, 1990 and December 31, 1997. Following Lang and Shackelford (2000) we focus on weekly returns.
Explanatory variables include dividend dummy, embedded capital gains, the percentage of individual and/or mutual fund ownership of a stock, week dummies defined to identify the event period, measure of individual stock's exposure to the market return (Beta_market i ), measure of individual stock's exposure to the momentum factor (Beta_momentum i ), and various interaction terms to identify the tax effect.
We calculate the weekly return as follows
where d it r is the daily return and t runs from Wednesday to the following Tuesday to be consistent with the event windows. The logarithmic weekly volume is similarly calculated as
where
Vol is the daily trading volume of stock i on day t and the summation runs from
Wednesday to the following Tuesday. We use both volumes in shares traded and in dollar amount for our empirical tests.
We obtain daily stock returns and trading volume from the daily CRSP data set. We exclude non-common shares such as preferred stocks from our analysis. Firms with missing observations are also removed. For our baseline case, we follow Klein (1999, 2001 ) and define the embedded capital gain as the price appreciation in the last five years. Specifically, the five year embedded capital gain is calculated as the price appreciation in the past five years up to the most recent month prior to time t for each stock. For instance, the five embedded gain for 3/31/1997 is calculated as a stock's price appreciation from February 1992 to February 1997. For robustness check, we also use embedded capital gains measured at two years and eight years and find that inferences largely hold.
To obtain measures of exposure of individual stock returns to the market return and the momentum factor, for each stock, we estimate a multiple regression of the firm's weekly excess return on the weekly market excess return and weekly momentum factor using data on these variables between 1/8/1992 to 4/16/1997. 4 The regression slope for the market return and the momentum factor is used for Beta_market i and Beta_momentum i , respectively.
For the empirical tests, we use weekly returns in the last three years (1995, 1996 and 1997 To construct the weekly momentum factor, we use the daily data on the momentum factor (Up minus Down or UMD) obtained from Kenneth R. French's website. Six value-weighted portfolios formed on size and prior (2-12) returns are used to construct UMD. The portfolios formed monthly are the intersections of 2 portfolios formed on size and 3 portfolios formed on prior (2-12) return. UMD is the average return on the two high prior return portfolios minus the average return on the two low prior return portfolios. standard deviation ranging between 6.1 to 6.7 percent for the two samples, respectively.
The adjusted weekly return is much lower on average than the unadjusted return.
We use generalized least squares to estimate our regression model in order to account for correlated residuals in regressions. Specifically, we use clustered standard error estimates, which are shown to be unbiased in regression analysis using panel data sets by Peterson (2005).
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B. Return Tests for Joint Tax Capitalization and Lock-in Effects
Our first set of regression results is based on equation (1) and reported in Table 2 . Consistent with our predictions on the cross-sectional behavior of stock returns, the interaction term (WK C *Div) is positive and highly statistically significant with a pvalue less than 1 percent. The estimated coefficient shows that non-dividend paying stocks yield 1.7 percent higher returns on average during the capitalization week than do dividend-paying stocks for the same period for both measures of tax sensitive ownership. When the tax sensitive ownership is measured by individual investors only, the corresponding reduction in the average weekly returns during the lock-in week is lower at 1.4 percent and 11 basis points, respectively.
The above findings are consistent with both investors buying stocks as the probability of a capital gains tax cut increases before the announcement and tax sensitive investors selling their shares after the effective date of capital gains tax cut. Investors respond by increasing their demand for stocks and driving up prices during the capitalization week. This is particularly evident for non-dividend paying growth stocks, whose returns are more likely to face capital gains taxation. After the lower tax rate became effective, individual investors sensitive to capital gains tax liabilities were more inclined to sell positions with large embedded capital gains to rebalance their portfolios.
This leads to a lower price for stocks with large embedded capital gains and a higher percentage of individual stock ownership during the lock-in week.
Our findings suggest that a dominant lock-in effect is stronger in a subset of stocks that have both large embedded capital gains and high tax sensitive ownership in the week after the effective date of the tax cut. Given that TRA97 directly affects individual investors and mutual funds with large embedded capital gains, this finding is consistent with our prediction on the relation between stock price and capital gains taxes. were withdrawing from the market after the announcement of a rate cut but before the effective date, we would expect share prices to increase during the capitalization week for the appreciated shares that were going to be sold after the effective date. Since the coefficient on interaction term (WK C *Gains*TSO) is insignificant, we infer that increased demand largely accounted for the increase in prices during the capitalization week, rather than a seller's strike.
Our regression analysis also provides the following findings. Consistent with the capital asset pricing theory, a firm's exposure to systematic market risk has a positive effect on the firm's return. The estimated coefficient for Beta_market ranges from 0.11 to 0.12 percent and statistically significant at less than 1 percent level across the two regressions. Firms' exposure to the momentum factor also has a positive effect on returns. The coefficient for Beta_momentum ranges from 0.07 to 0.08 and significant at around 1.5 percent level for across the two regressions. Stocks with higher tax-sensitive investor ownership experience about 0.2 percent higher weekly returns on average. The interaction between WK L and the embedded capital gains is significantly positive. This may be caused by demand from institutional investors that did not face a capital gains tax cut.
Stocks with higher tax sensitive investor ownership experience a lower average weekly return during the capitalization week and a higher average weekly return during the lock-in week. Non-dividend paying stocks with higher tax sensitive investor ownership also yield a lower weekly return on average. Firm size has a negative and significant effect on stock returns.
Although not reported in the table, we find that the annual dummy is highly statistically significant for year 1995 but not for year 1996. The monthly dummies on the other hand are all statistically significant indicating the existence of monthly return variation. Given our panel data, firm characteristic variables (gains, dividend, size and individual and/or mutual fund ownership) also act as controls for the fixed effect in the test.
C. Return Tests with all Firms
For firms without embedded capital gains, the lock-in will not likely have a significant effect on stock returns. However, tax-sensitive investors with embedded capital losses may sell their holdings before the tax cut becomes effective so that they can benefit from the higher tax rebate under higher tax rate. 6 If so, firms with embedded capital losses and high tax sensitive investor ownership will experience some downward price pressure during the week before the tax cut announcement. For these stocks, the price run-up caused by the capitalization effect, which increases the demand from investors who have no existing positions in them and investors who are not subject to taxation, will likely be attenuated.
On the other hand, because there is no lock-in effect on stocks with embedded capital losses after the tax cut announcement, the selling pressure will likely be small while the capitalization effect remains for these stocks. To check the robustness of our findings of joint capitalization and lock-in effects and to test the hypotheses on firms with embedded capital losses, we estimate equation (2) which incorporates two additional terms: (WK C *Gains*L*TSO) and (WK L *Gains*L*TSO) using observations on all firms. For the firms with embedded capital losses, the coefficient estimates are consistent with our predictions. Specifically, firms with embedded capital losses (where Gains will be less than zero and L will take on a value of one) and high tax sensitive ownership earn lower weekly average returns than other firms during the week before the tax cut became effective. The effect is statistically significant at the conventional 5 percent test level (p-value is 2.9 percent for IND&MF and 4.8 percent for IND only).
Firms with embedded capital losses also earn higher average weekly returns during the week after the tax cut takes effect. For stocks with average individual investor and mutual fund ownership, a 10 percent increase in embedded capital losses leads to 18 basis points
higher average weekly return during the week after the tax cut became effective.
D. Robustness Tests
In this section, we perform robustness checks on our findings documented above. We focus on alternative measures of embedded capital gains and an alternative measure of stock returns that adjusts for the market return risk and the momentum factor as in a conventional event study. Specifically, we re-estimate equation (2) measuring embedded capital gains as the price appreciation in the past two years and past eight years. We also re-estimate equations (1) and (2) Indeed, our calculation indicates that the average two year embedded capital gain is only 78 percent, which is substantially lower than the average five year embedded capital gain of 210 percent. There are 42 percent of firms with two year embedded losses compared to 35 percent of firms with losses when the embedded capital gains is calculated using the past five year price appreciation. Consequently, the lock-in effect is much weaker with a two year holding period than with a five or eight year holding period. The interaction (WK C *Gains*TSO) remains statistically insignificant for both two and eight year embedded gains measures, indicating no evidence for seller's strike at these holding periods either. On firms with embedded losses at two year holding period, the coefficient estimate for the lock-in week has the predicted sign and is statistically significant but the coefficient estimate is insignificant for the capitalization week. With an eight year holding period, the estimated coefficients for both the capitalization week and the lock-in week have the correct signs but are statistically insignificant at the conventional five percent level.
In Table 5 we report the regression results for both positive gains firms and all firms when the dependent variable is measured as the adjusted individual stock returns.
To construct the adjusted individual stock returns, we subtract the systematic components (Beta_market*Market return) and (Beta_momentum*Momentum factor) from the raw individual stock returns. Again, the signs of the estimated coefficients for all key variables remain the same as for the baseline cases reported in Tables 1 and 2 . The estimated coefficients for all key variables are also statistically significant except for the interaction (WK C *Div). The other significant change is the magnitude of the coefficient estimate for WK C . It is reduced from around 8 percent to about 2 percent. Both changes in the estimated coefficients for WK C and (WK C *Div) can be attributed to the fact that the market return and the momentum factor themselves are also affected by the event of the tax cut. Indeed, our regression results discussed earlier consistently show that stock returns across the broad market are higher during the capitalization week. This implies that the market return itself is higher during the capitalization week. Therefore, given that individual firms have positive exposure to the market returns on average, when we remove the systematic component associated with the market returns we effectively reduce the price run-up in the adjusted returns. One could argue that because the market returns and the momentum factors are also affected by the capital gains tax cut event, to examine the overall effect on individual stock returns it is important not to remove the systematic components associated with these factors. From that perspective, Tables 2 and   3 show the complete effects of a capital gains tax cut on stock returns.
E. Trading Volume Tests for Joint Tax Capitalization and Lock-in Effects
Next, we test the impact of the tax cut on trading volume. Table 6 shows the results of the regression analysis for firms with positive embedded gains only and all firms using both trading volume in shares and in dollar amount. Consistent with our predictions, both the capitalization week and the lock-in week exhibit higher trading volume both in logarithmic shares and logarithmic dollar amount. The effect is highly statistically significant with p-value less than 1 percent. The estimated coefficient for the capitalization week is consistently above 2 percent. Specifically, when the trading volume is measured by logarithmic shares, the excess volume is about 2.5 percent higher for both the positive gains subsample and the full sample than average trading volume for the capitalization week. The excess trading volume is about 2 percent higher than average trading volume for the capitalization week when measured by logarithmic dollar amount.
The estimated coefficient for WK L suggests that the trading volume is about 0.55 percent higher for the lock-in week than the average trading volume when measured by The interaction term (WK C *Gains*TSO) has an insignificant effect on the trading volume for both the positive gains subsample and the all firm full sample. This is consistent with our finding on the return tests of the seller's strike. As in the return tests, we incorporate two additional interaction terms: (WK C *Gains*L*TSO) and (WK L *Gains*L*TSO) in the regression with all firms. As we discussed in the return tests with loss firms, investors may sell shares with embedded capital losses before the tax cut to benefit from higher tax rebate under higher tax rate. Therefore, the coefficient for (WK C *Gains*L*TSO) will likely be negative because the Gains is less than zero for loss firms. After the tax cut becomes effective, because there is no lock-in effect on firms with embedded capital losses, the capitalization effect is likely to increase the demand and the coefficient for (WK L *Gains*L*TSO) will also likely be negative. While the estimated coefficients for the two additional interactions terms have the correct sign in three out of four cases, they are not statistically significant at conventional test level. While not reported in the table, other control variables have little effect on the excess trading volume. Annual and monthly dummies are all statistically significant as in the return tests.
Our findings on the effect on the trading volume of a capital gains tax cut are consistent with the results reported in Blouin, Raedy, and Shackelford (2003) . Using announcements of quarterly earnings and additions to the Standard and Poors 500 index as their events, they document that trading volume falls with the incremental taxes saved by deferring the sale of appreciated asset values. In our case, as the capital gains tax is reduced, the incremental taxes saved will decrease. This will lead to an increase in trading volume. In other words, in their case holding period incentive causes current shareholders to restrain from selling shares, which shifts supply to the left. In our setting, current shareholders sell some stocks with embedded gains to rebalance their portfolios, leading to the supply curve shifted to the right.
V. Conclusions
We analyze the effect of capital gains taxes on returns and trading volume using an equilibrium approach that incorporates both the capitalization effect and the lock-in effect. Extant studies separately test the capitalization effect and the lock-in effect. To our knowledge, this is the first to jointly model and test both effects. Our analysis predicts that in the presence of capital gains taxes, the net effect on asset prices is ambiguous. If the capitalization effect dominates (is dominated by) the lock-in effect, the stock price decrease (increase). The relative strength of the capitalization effect and the lock-in effect depends on the time period surrounding a tax rate change and firm characteristics, such as dividend policy, growth potential, and the percentage of tax sensitive individual ownership. The number of shares actively traded increases (decreases) as the capital gains tax rate decreases (increases).
We empirically test our predictions using weekly returns and trading volume from January 1, 1995 to December 31, 1997, focusing on the 1997 capital gains tax rate cut.
Consistent with our predictions, we find evidence of both the capitalization and the lockin effect. In particular, the capitalization effect dominates the lock-in effect the week between news of the rate reduction and the effective date of the rate cut, (4/30/1997-5/6/1997), reflecting anticipation of the proposed tax cut making it into law. Weekly stock returns are on average higher by about 8 percent than average weekly returns during the capitalization week. Moreover, non-dividend paying stocks have higher stock returns during the capitalization week (about 1.6 percent) than dividend paying stocks.
In contrast, the lock-in effect dominates the capitalization effect during the first week after the rate reduction becomes effective (5/7/1997-5/13/1997). The weekly stock P represent the demand and supply curves at time t, respectively.
As in Section II, We assume that the demand curve for the stock is downward sloping while the supply curve for the stock is upward sloping. Furthermore, we assume that investors' demand for the stock is determined by the expected payoff of investing in the stock and the supply is determined by investors' reservation value of the stock and the immediate tax cost upon selling.
The demand curve for the stock can then be represented as follows:
where i r is the discount rate applied to the cash flow of stock i and 1 + it G represents the investors' anticipated capital gain realization. We assume that the anticipated capital gain realization takes the following form:
. This specification takes into account that investors who purchase the shares have to pay the market price, which serves as the basis for computing buyers' capital gains taxes when they sell in the following period.
7 Moreover, parameter i α is used to allow investors to use tax efficient trading strategies to reduce their realized capital gains.
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On the other hand, to characterize the supply curve, we assume that sellers' reservation value of the stock (excluding the tax cost) is a fraction of current market price of the stock to simplify the derivation. Specifically, a typical tax sensitive shareholder with embedded capital gains, who contemplates selling, will require a price high enough to compensate him for his reservation value and tax liability. This implies:
where it i P ρ represents the seller's net-of-tax reservation value for a share of stock i and
is the seller's capital gains tax. We assume that the seller's net-of-tax reservation value is less than the market price ) 1 0 ( ≤ < i ρ because the tax burden is borne by both sellers and buyers in equilibrium.
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In equilibrium, the demand for the company shares equals the supply of the shares, and the price paid by the buyer equals the price received by the seller (including taxes), i.e.,
Substituting (A2) into (A1) and using the market clearing condition (A4), we arrive at the following equilibrium price for stock i in the presence of taxes
Rewriting equation (A5) recursively, we obtain the price of stock i at time t as follows: Denote the first term in equation (A7) as "X i " and the second term as "Y i ". Taking the first derivative of "X i " and "Y i " with respect to g τ , respectively, yields:
Equation (A8) is unambiguously negative and we call this capitalization effect of the capital gains tax because the term X includes dividend and dividend growth which concern a potential buyer. Furthermore, the cross derivative of 
The above inequality suggests that the lock-in effect depends positively on stock i's discount (or capitalization) rate and the investor's net-of-tax reservation price but is inversely related to the rate at which investors' tax basis grows. If we interpret the capitalization rate as the average appreciation rate of the stock price, then the left-handside measures the size of embedded capital gains. If the appreciation rate is high and the investor demands a high reservation price relative to the tax basis growth rate, the embedded capital gains are large and inequality (A10) will be satisfied. In this case, there is a positive lock-in effect. On the other hand, if the appreciation rate is low and the investors demand a very low reservation price relative to the tax basis growth rate, the investors will have little embedded capital gain or even a capital loss and there will be no lock-in effect. To empirically identify a dominant lock-in effect, we need to focus on stocks with large embedded capital gains for tax sensitive investors.
The combined effect of capital gains tax on stock price is given by
Overall, because the capitalization effect (
) and the lock-in effect
) work in opposite direction, the net effect of capital gains tax on stock price is ambiguous. If the capitalization effect dominates, the net effect of capital gains tax on stock price will be negative; if the lock-in effect dominates, the net effect of capital gains tax is positive. r is the daily return and t runs from Wednesday to the following Tuesday; Vol is the sum of daily logarithmic volume running from Wednesday to the following Tuesday; Size is the logarithm of the market value in prior month; $Vol is the sum of daily logarithmic dollar volume running from Wednesday to the following Tuesday; Div is a dummy variable that takes a value of 1 if the company did not pay any dividend in the prior year, zero otherwise; Gains measures the 5-year holding gains as of prior month; and IND is the percentage of individual ownership, calculated as one minus the percentage of shares held by institution investors as of the prior quarter; IND&MF is the percentage of shares owned by individual investors and mutual funds in prior quarter; Beta_market and Beta_momentum are the beta estimates of regressing weekly individual stock returns on the market return and the momentum factor; and Adjret is the adjusted weekly return after removing the systematic components associated with the market return and the momentum factor. Adj Vol (Adj $Vol) is computed difference between the current weekly volume and the average weekly volume in shares (dollar amount) in the past three months relative to the three month weekly average volume (equation (3)). All the estimates are in percentages; year dummies and month dummies are included in all specifications to control for possible calendar effects; model (1) uses the percentage of shares owned by both individual investors and mutual funds as the measure of tax sensitive ownership; and model (2) uses individual investors only as the measure of the tax sensitive ownership. r is the daily return and t runs from Wednesday to the following Tuesday. WK C is the week from 4/30/1997 to 5/6/1997; WK L is the week from 5/7/1997 to 5/13/1997; Div is a dummy variable that takes value of 1 if the company did not pay any dividend in the prior year, zero otherwise; Gains measures the 5-year holding gains as of the prior month; and TSO is the tax sensitive investor ownership measured either by the percentage of shares owned by individual investors and mutual funds (IND&MF) in the prior quarter or individual investors alone (IND); L is a dummy variable that takes value of 1 if the embedded gain (Gains) is less or equal to 0 and takes value of 0 otherwise; and Beta_market and Beta_momentum are the beta estimates of regressing weekly individual stock returns on the market return and the momentum factor.
All the estimates are in percentage; year dummies and month dummies are included in all specifications to control for possible calendar effects; model (1) uses the percentage of shares owned by both individual investors and mutual funds as the measure of tax sensitive ownership; and model (2) uses individual investors only as the measure of the tax sensitive ownership. r is the daily return and t runs from Wednesday to the following Tuesday. WK C is the week from 4/30/1997 to 5/6/1997; WK L is the week from 5/7/1997 to 5/13/1997; Div is a dummy variable that takes value of 1 if the company did not pay any dividend in the prior year, zero otherwise; Gains measures the 5-year holding gains as of the prior month; and TSO is the tax sensitive investor ownership measured by the percentage of shares owned by individual investors and mutual funds (IND&MF) in the prior quarter; L is a dummy variable that takes value of 1 if the embedded gain (Gains) is less or equal to 0 and takes value of 0 otherwise; and Beta_market and Beta_momentum are the beta estimates of regressing weekly individual stock returns on the market return and the momentum factor.
All the estimates are in percentage; year dummies and month dummies are included in all specifications to control for possible calendar effects; model (1) uses the embedded capital gains calculated based on the past two year price appreciation for the prior month; and model (2) uses the embedded capital gains calculated based on the past eight year price appreciation for the prior month. The dependent variable is Adjret the weekly stock return after removing the systematic components associated with the market return and the momentum factor from the weekly individual stock return where
r is the daily return and t runs from Wednesday to the following Tuesday. WK C is the week from 4/30/1997 to 5/6/1997; WK L is the week from 5/7/1997 to 5/13/1997; Div is a dummy variable that takes a value of 1 if the company did not pay any dividend in the prior year, zero otherwise; Gains measures the 5-year holding gains as of the prior month; and TSO is the tax sensitive investor ownership measured by the percentage of shares owned by individual investors and mutual funds (IND&MF) in the prior quarter; L is a dummy variable that takes value of 1 if the embedded gains (Gains) is less or equal to 0 and takes value of 0 otherwise.
All the estimates are in percentage; year dummies and month dummies are included in all specifications to control for possible calendar effect; model (1) uses firms with positive five year embedded capital gains only; and model (2) uses all firms. 
